A total of 5380 patients underwent randomization and were followed for up to 40 months (median, 18 months). A primary end-point event occurred in 305 patients assigned to alogliptin (11.3%) and in 316 patients assigned to placebo (11.8%) (hazard ratio, 0.96; upper boundary of the one-sided repeated confidence interval, 1.16; P<0.001 for noninferiority). Glycated hemoglobin levels were significantly lower with alogliptin than with placebo (mean difference, −0.36 percentage points; P<0.001). Incidences of hypoglycemia, cancer, pancreatitis, and initiation of dialysis were similar with alogliptin and placebo.
A bs t r ac t Background
To assess potentially elevated cardiovascular risk related to new antihyperglycemic drugs in patients with type 2 diabetes, regulatory agencies require a comprehensive evaluation of the cardiovascular safety profile of new antidiabetic therapies. We assessed cardiovascular outcomes with alogliptin, a new inhibitor of dipeptidyl peptidase 4 (DPP-4), as compared with placebo in patients with type 2 diabetes who had had a recent acute coronary syndrome.
Methods
We randomly assigned patients with type 2 diabetes and either an acute myocardial infarction or unstable angina requiring hospitalization within the previous 15 to 90 days to receive alogliptin or placebo in addition to existing antihyperglycemic and cardiovascular drug therapy. The study design was a double-blind, noninferiority trial with a prespecified noninferiority margin of 1.3 for the hazard ratio for the primary end point of a composite of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke. T ype 2 diabetes is associated with both microvascular and macrovascular complications. 1 The risk of cardiovascular disease is two to four times as high in people with diabetes as in people without diabetes. 1, 2 Improved glycemic control can reduce the risk of many microvascular complications of diabetes, 3 but studies have not shown a favorable effect of glycemic control in reducing macrovascular events in patients with type 2 diabetes. 4, 5 Concerns regarding adverse cardiovascular outcomes with antidiabetic agents 6, 7 prompted the Food and Drug Administration (FDA) to issue guidance in December 2008 that included specific requirements for cardiovascular safety assessment before and after the approval of new antidiabetic therapies. 8 Regulatory agencies in other countries have adopted similar policies.
Alogliptin is a selective inhibitor of dipeptidyl peptidase 4 (DPP-4) that is approved for the treatment of type 2 diabetes. 9, 10 By preventing the rapid degradation of glucagon-like peptide 1 (GLP-1) through inhibition of DPP-4, alogliptin enhances pancreatic insulin secretion and suppresses pancreatic glucagon secretion, thus reducing blood glucose levels. 10 During the clinical development program, no imbalance in cardiovascular events was noted among 4168 patients with type 2 diabetes who received alogliptin, 691 patients who received placebo, and 1169 patients who received active comparators. 11 Given the low cardiovascular-risk profile of the patient population and the low event rate, the cardiovascular safety in patients at high cardiovascular risk could not be assessed. We conducted the Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care (EXAMINE) trial to determine whether alogliptin is noninferior to placebo with respect to major cardiovascular events in patients with type 2 diabetes who are at very high cardiovascular risk -those with recent acute coronary syndromes.
Me thods

Study Design
The EXAMINE trial was a multicenter, randomized, double-blind trial. The details of the design have been published previously. 12 The content of the manuscript is consistent with the research protocol, which is available with the full text of this article at NEJM.org. The steering committee, consisting of academic members and three nonvoting representatives of the sponsor (Takeda Development Center Americas), designed and oversaw the conduct of the trial. An independent data and safety monitoring committee monitored the trial and had access to the unblinded data. The statistical analysis was performed by Pharmaceutical Product Development, a contract research organization, in collaboration with investigators at the academic centers and the sponsor, all of whom had full access to the final study data. The sponsor provided alogliptin at no cost and coordinated the data management. The chair of the steering committee (the first author) and other members of the committee who are academic authors wrote all drafts of the manuscript and vouch for the accuracy and completeness of the reported data. MedLogix Communications provided assistance with the figures, with funding from the sponsor. The appropriate national and institutional regulatory authorities and ethics committees approved the study design, and all participants provided written informed consent.
Study Patients
Patients were eligible for enrollment if they had received a diagnosis of type 2 diabetes mellitus, were receiving antidiabetic therapy (other than a DPP-4 inhibitor or GLP-1 analogue), and had had an acute coronary syndrome within 15 to 90 days before randomization. Further criteria for the diagnosis of type 2 diabetes included a glycated hemoglobin level of 6.5 to 11.0% at screening, or if the antidiabetic regimen included insulin, a glycated hemoglobin level of 7.0 to 11.0%. Acute coronary syndromes included acute myocardial infarction and unstable angina requiring hospitalization, as defined previously. 12 Major exclusion criteria were a diagnosis of type 1 diabetes, unstable cardiac disorders (e.g., New York Heart Association class IV heart failure, refractory angina, uncontrolled arrhythmias, critical valvular heart disease, or severe uncontrolled hypertension), and dialysis within 14 days before screening. 3 out the study, patients were required to receive standard-of-care treatment for type 2 diabetes and cardiovascular risk factors according to regional guidelines. Because alogliptin is cleared by the kidney, the doses of alogliptin (and matching placebo) were modified according to kidney function at the time of randomization and during the postrandomization period. The daily doses of the study drug were as follows: 25 mg in patients with an estimated glomerular filtration rate (GFR), calculated with the use of the Modification of Diet in Renal Disease formula, of at least 60 ml per minute per 1.73 m 2 of body-surface area; 12.5 mg in patients with an estimated GFR of 30 to less than 60 ml per minute per 1.73 m 2 ; and 6.25 mg in patients with an estimated GFR of less than 30 ml per minute per 1.73 m 2 .
Outpatient visits were scheduled at the time of screening, at randomization, and at 1, 3, 6, 9, and 12 months after randomization during the first year of the study and every 4 months during subsequent years of participation. If patients declined to return for study visits, information was obtained during telephone contacts, but this was not the preferred approach nor was it recommended to the sites.
End Points
The primary end point was a composite of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke. The principal secondary safety end point was the primary composite end point with the addition of urgent revascularization due to unstable angina within 24 hours after hospital admission (Table S1 in the Supplementary Appendix, available at NEJM.org). 12, 13 Exploratory end points included death from cardiovascular causes and death from any cause. The consistency of effects with respect to the primary end point was explored in a variety of subgroups without adjustment for multiple comparisons. Additional safety end points included angioedema, hypoglycemia, pancreatitis, cancer, and the results of laboratory testing. An independent central adjudication committee adjudicated all suspected primary end-point events and other cardiovascular end points, as well as all deaths.
Statistical Analysis
Cox proportional-hazards models were used to analyze the time to the first occurrence of a pri-mary or secondary end-point event among all randomly assigned patients, with stratification according to geographic region and renal function at baseline. Initial group sequential analyses were planned after 80, 100, 125, and 150 adjudicated primary end-point events occurred, with an O'Brien and Fleming-type spending function 14 used to preserve an overall alpha of 2.5% for ruling out a hazard ratio of more than 1.8. If each of the four initial group sequential analyses failed to rule out an upper boundary of 1.8, the trial would be stopped because of futility. If one of these analyses ruled out an upper boundary of 1.8, the trial was designed to continue and similar analyses were to be performed after 550 and 650 adjudicated primary end-point events occurred, with a separate alpha spending function used to maintain a 2.5% overall alpha for ruling out a hazard ratio of more than 1.3 (1.0% and 1.5% alpha spent after 550 and 650 events, respectively). Additional tests for statistical superiority of alogliptin with respect to the primary and secondary end points would be conducted if a hazard ratio of more than 1.3 was ruled out with the use of the same alpha spending function. If noninferiority was declared but the conditional power for superiority at 650 events on the basis of the 550-event interim analysis was 20% or lower, the study would be stopped. We calculated that with a sample of 5400 patients, the study would have 91% power to determine the noninferiority of alogliptin to placebo for the 1.8 (initial) and 1.3 margins, with the assumption of a true hazard ratio of 1.0 and overall onesided significance levels of 2.5%.
For each group sequential analysis, the statistical analysis plan specified that the upper boundary of a one-sided repeated confidence interval for the hazard ratio (alogliptin to placebo) would be calculated with the use of the critical value obtained from the appropriate spending function and compared with the appropriate noninferiority margins. 14, 15 Each analysis was to be conducted by an independent statistician and reviewed by the data and safety monitoring committee. The first group sequential analysis, performed after 83 adjudicated primary end-point events had occurred, showed that the upper boundary of the one-sided repeated confidence interval for the hazard ratio was 1.51. This information was communicated to the data and safety monitoring
The New England Journal of Medicine Downloaded from nejm.org by GUILHERME ATTIZZANI on September 2, 2013. For personal use only. No other uses without permission.
Copyright © 2013 Massachusetts Medical Society. All rights reserved. committee by the independent statistician, and after the assessment by that committee, the analysis was submitted to the regulatory authorities for review. To protect the overall statistical validity and integrity of the study, persons associated with this analysis were not involved in subsequent preparation and review of blinded data, nor were they involved in ongoing study conduct or communication with those involved in study conduct.
The study then continued to the next group sequential analysis, which was performed after 550 adjudicated primary end-point events had occurred, to rule out a hazard ratio of more than 1.3. This analysis resulted in a hazard ratio of 0.96 and an upper boundary of the one-sided repeated confidence interval of 1.17, findings that indicated noninferiority but not superiority of aloglip tin to placebo, and the conditional power for superiority at 650 events was less than 20%; therefore, the data and safety monitoring committee recommended to the steering committee that the study be stopped. On March 9, 2013, the steering committee accepted the recommendation, and the sponsor agreed to stop enrollment in the study and proceed with a timely and orderly study closeout. The final date for evaluation of vital status was June 18, 2013.
R e sult s
Study Patients
We recruited 5380 patients from 898 centers in 49 countries (Fig. S1 in the Supplementary Appendix) from October 2009 through March 2013. At the date of the last patient visit (June 18, 2013), information on vital status was available for all but 25 patients (9 in the alogliptin group [0.3%] and 16 in the placebo group [0.6%]). The two study groups were well balanced with respect to baseline characteristics (Table 1 ) and nonstudy medications ( Table 2 ). In the alogliptin group, on the basis of the estimated GFR at baseline, 71.4% of the patients received 25 mg daily, 25.7% received 12.5 mg daily, and 2.9% received 6.25 mg daily. The rate of premature discontinuation of the study drug was similar in the alogliptin and placebo groups (20.9% and 22.6% of patients, respectively). The median duration of exposure to aloglip tin was 533 days (interquartile range, 280 to 751).
Changes in glycated hemoglobin levels over time are shown in Figure 1 . By the end of the study period, the mean change from baseline was −0.33% in the alogliptin group and 0.03% in the placebo group, and the least-squares mean difference between the alogliptin group and the placebo group was −0.36 percentage points (95% confidence interval [CI], −0.43 to −0.28; P<0.001). The change from baseline in body weight was 1.09 kg with alogliptin and 1.04 kg with placebo, and the least-squares mean difference between the alogliptin group and the placebo group was 0.06 kg (95% CI, −0.25 to 0.36; P = 0.71). No significant differences in lipoprotein levels were observed between the two study groups ( Table S2 in the Supplementary Appendix). 
Primary and Secondary End Points
An additional 71 patients had a primary endpoint event after the 550-event interim analysis and just before the database was locked. For this complete analysis, the primary end point occurred at similar rates in the alogliptin and placebo groups (in 11.3% and 11.8% of patients, respectively, after a median exposure of 18 months; hazard ratio, 0.96; upper boundary of the onesided repeated CI, 1.16; P<0.001 for noninferiority; P = 0.32 for superiority) ( Table 3 and Fig. 2A ).
In the analysis of the components of the primary end point, the hazard ratios were consistent with the hazard ratio for the composite end point. The analysis of the principal secondary end point of death from cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, or urgent revascularization due to unstable angina showed no significant difference between the alogliptin group and the placebo group (12.7% and 13.4% of patients, respectively; hazard ratio, 0.95; upper boundary of the one-sided repeated CI, 1.14) (Table 3, and Fig. S2 in the Supplementary Appendix). Hazard ratios for death from any cause and death from cardiovascular causes (including deaths that occurred as primary end-point events and deaths that occurred after a nonfatal primary end-point event) were consistent with the hazard ratio for the primary composite end point ( Table 3 and Fig. 2B and 2C) . The subgroup analyses of the primary end point showed between-group heterogeneity in subgroups defined according to some of the baseline factors (Fig. S3 in the Supplementary Appendix). Subgroups in which there was nominally significant between-group heterogeneity included former smokers, patients who had had diabetes for at least 10 years, patients who were receiving insulin at baseline, patients who were not receiving biguanides at baseline, patients with moderate or severe renal impairment at baseline, and patients residing in North America or the region that included western Europe, Australia, New Zealand, and the Middle East.
Adverse Events
The alogliptin and placebo groups did not differ significantly with respect to the incidence of serious adverse events (33.6% and 35.5%, respectively; P = 0.14) ( Table S3 in the Supplementary Appendix). The incidence of hypoglycemia was similar in the two study groups. The incidences of acute and chronic pancreatitis were similar in the two groups; no cases were fatal. There were no significant between-group differences in the incidence of cancer, and there were no reports of pancreatic cancer. The incidence of angioedema was low and did not differ significantly between the study groups. The proportion of patients with serum aminotransferase values three times the upper limit of the normal range at any time was similar in the alogliptin and placebo groups. Changes in estimated GFR according to baseline kidney function and incidences of initiation of dialysis were similar in the two study groups (Table S3 and S4 in the Supplementary Appendix) .
Discussion
This trial showed that treatment with the DPP-4 inhibitor alogliptin resulted in rates of major cardiovascular events that were similar to rates with placebo among patients with type 2 diabetes and substantial cardiovascular disease and cardiovascular risk. The results of analyses of the individual components of the primary end point (death from cardiovascular causes, nonfatal myocardial infarction, and nonfatal stroke) and of analyses of deaths from any cause and all deaths from cardiovascular causes were consistent with those of the primary composite end point. The similar rates of the primary end point in the alogliptin and placebo groups were observed in the context of modestly better glycemic control in patients who received alogliptin. This finding is not surprising in light of other trials that showed no effects of larger reductions in glycated hemoglobin levels on similar end points over a period of 5 years. 4,5 However, the EXAMINE trial had a median duration of 18 months, and thus the results do not rule out longer-term benefits or risks of alogliptin with respect to cardiovascular end points.
Although DPP-4 inhibitors are in widespread clinical use for the treatment of type 2 diabetes, 16 their cardiovascular safety has not been established. The primary safety analysis in our trial determined the effects of alogliptin as compared with placebo on a composite of major cardiovascular events that were adjudicated by an independent committee whose members were unaware of the study-group assignments. As compared with other cardiovascular safety studies of various antidiabetic therapies, [17] [18] [19] the EXAMINE trial included patients at considerably higher cardiovascular risk, with event rates of There has been considerable speculation that DPP-4 inhibitors may exert beneficial effects on the cardiovascular system. 20, 21 Recent metaanalyses of the clinical trial data have shown a lower risk of major cardiovascular events with DPP-4 inhibitors than with other classes of antidiabetic agents. 11, 22 However, the studies were limited by their short duration (<6 months in most cases), low event numbers, nonuniform and incomplete ascertainment of cardiovascular end points, and comparisons of the DPP-4 inhibitors with both placebo and active agents, some of which have been associated with increased risk of cardiovascular disease and death from cardiovascular causes. 7, 23, 24 In our trial, the rates of major adverse cardiovascular events were neither significantly increased nor significantly decreased with alogliptin, as compared with placebo, among patients who received appropriate standard-of-care treatment for type 2 diabetes and acute coronary syndromes.
The EXAMINE trial successfully adhered to the recommendations of the 2008 FDA guidance on the evaluation of new therapies for type 2 Panel A shows the time to the first occurrence of a primary end-point event -death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke. After a median exposure of 18 months, the rates of the primary composite end point were similar in the alogliptin and placebo groups (11.3% and 11.8%, respectively). Data at 40 months were truncated owing to the small numbers of patients (eight per group). Panel B shows the time to death from cardiovascular causes, and Panel C, the time to death from any cause. In each panel, the inset shows the same data on an enlarged y axis. diabetes. 8 The nuances of the EXAMINE trial required a close interaction among the members of the steering committee, members of the data and safety monitoring committee, and representatives of the sponsor. 12, 25 The integrity of the trial was preserved during enrollment and followup as well as during the months of study closeout because data were collected only by persons who were unaware of the results of interim analyses. The noninferiority of alogliptin to placebo with respect to the primary end point was heterogeneous in six subgroups (P<0.05 for interaction). These findings may have been due to chance, given the large number of tests performed. Although the number of events contributing to these differences was small and the confidence intervals were large, these results raise questions as to whether differences among populations of patients or practice patterns influenced the effects of the randomly assigned study drugs. Further analyses will be required.
In conclusion, among patients with type 2 diabetes and a recent acute coronary syndrome, treatment with alogliptin resulted in rates of death from cardiovascular causes, nonfatal myocardial infarction, and nonfatal stroke that were similar to those with placebo. These data can be used to help guide clinicians in choosing among the many available antidiabetic agents when treating patients with type 2 diabetes and very high cardiovascular risk.
